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Executive Summay

Previous research in the domain of air traffic control (ATC) hatoead factors that describe the
complexty facinga controller.Based on this research, new techna@sgnd procedures have
been developed that maid the controller and reduce comptgxn ATC. Most of these
technologes were desiged to reduce ATC complay associated with air traffic density
identification and resolution of conflict situations, and the operational efficigtye human-
machne nterface. The purpose ofie presenstudy was b explore and praitype new dsplay
enhancements tha may reduce complexity in ATC.

A team of researchers from the National Airspagste&8n Human Factors Branch (ACT-530) of
the Federal Aviation Administrdaion William J Hughes Technica Center and theHuman
Resources Research Division (AAM-500) of the Civil Aeromediastitute (CAM) reviewed
earlier research bylogford, Murphy RoskeHofstrand, Yastrop, &uttman (1994) and
Wyndemere,ric. (1996) to identifcomplexty factors that could be addressedagisplay
enhancementFour complexy factors were identified in a pilot studg suitable for argphical
enhancerant weaher effecs on aispace stcture, he effecs of acive Jecal Use Arspace
(SUA), the amount of tresitioningaircraft, and the reliabilitpf radio and radar coverag

To evaluae theusaility of our displg enhancements and ther possiblempact on ATC
complexty, the team conducted a user evaluation atdabksbnville Air Route Traffic Control
Center. Two supervisors and 13iF Performance &vel controllers participated as observers in
this evaluation.We showed the protope to the controllers durirgfructured interviews and
collected user ratirgpon the acceptabilitgf the displayenhancements tether with rating on

the degee bywhich the enhanceents would reduce ATCconplexity. For each oftie four
complexty factors, the controllers also@ained what actions thdwave to take when confronted
with the factor, how frequentlgach factor adds difficultyp controllingtraffic, and to what

extent thecomplexity factor impacts on theér job.

The results of the user evaluation showed that the controllers supported earlier research that
identified weather, SUA, transitioningaircraft, and rdiability of radio and radar coverage as

factors that increase ATC compigx The controllers were vemuch in favor of the proposed
displayenhancementaMost importantly the controllers predicted a substantial reduction in
thar job complexity from theenhancements.

Based on these findirsg we recommend a formal test simulation of the proposed enhancements
to deermine herr efficacyfor reducng task conplexity in ATC operatons. We also recormend
further studies to determine the optimal colors for each digplagncement for use in

operational sstems.

vii



1. Introduction

The purpose of the Air Traffic Control (ATC)s¢m is to provide a safe, efficient flow of air
traffic from orign to destination.Therefore, it is important to identind redue the factors that
increase the complexity of ATC opeations. Mogford, Guttma, Morrow, and Kopadekar

(1995) described ATC compliex as havinghoth phgical aspects (e.gsector sieg and airway
configuraton) and dpamc asped rekting to the novenent of aircraft through the arspace
(e.g., thenumbe of dimbing and descendingaircraft). Factors sut a equipment, environment,
and oontroller ability and experience furthe influence the degree of complexity. Increasesin
complexty have been reported to result in increases in controller workload and, consequently
more operational errors (Mtad et al.; Rodgrs, Modord, & Mogford, 1998; Stein, 1985).
This research emines methods of reducidg C complexty and thus reducingontrollers’
workload and errors.

1.1 Backgound

Several studies have @rred factors that describe the comtiexacinga controller.For

example, Modord, Murphy RoskeHofstrand, Yastrop, and Guttman (1994) proposed 15 factors
that seem to be of sidicant importance (see Append®. Wyndemere,rc. (1996) proposed

19 factors believed to contribute to compigxXsee AppendiB).

New technologes and procedures have been developed to reduce job caynpjeaidingthe
controller in ATC. For instance, new Traffic Managent Unit (TMU) technoloigs allow TMU
speidlists to prelict when arcraft will arrive a a paticular sector and reouteaircraft from

overly dense sectorsThese technolags attempt to reduce ATC compigxassociated with air
traffic density Conflict probes, such as the User Preferred Routow of the Center-TRACON
Automation Sgtem (CTAS) and the User Request Evaluation Tool (URET), allow controllers to
predict and resolvemany conflicts in ashort timeand test possiblaesolutions (Carigan,

Dieudonne, &acDonald, 1997) These tools attempt to reduce complerssociated with
identifying and resolving conflict situaions.

Attempts have aso been rade b reduce comlexity by enhanang the hunan-machne nterface

in the ATC environmentThe Operational Displagnd hput Development (OM) system, with

a windows-basedrgphical user interface, demonstrated promigim@ concepts (Eles,

Graham, Marsden, &rois, 1997). A controller operational review showed that the ODI
dialogue desig simplified information retrieval and data enivith simple mouse operations and
available pop-up menu®long similar lines, sgtematic studies of the use of color in ATC
displays have developed guiddines for implementations tha will reduce the controller’s
information processingy enhancinglisplayinformation (Reyolds, 1994).Usingseven visual
layers with different color palettes, Raglds created displayhat emphasi&l the most

important data without increasitige overall compleky. As a promisingsystem for future
display enhancements, theThree-Dimensiona Volumetric Display could ease the controller’s
workload even further than what is possible with current 2-D digptayolog (Hanson, 1997).
For example, the Three-Dimensional Volumetric Disptan integate all of the components of a
conmplicaked arspace ort a shgle display.



1.2 Purpose

This studyexplored and protofyed new displagnhancements that megduce complagy in
ATC. It consisted of five project phases: identification of compjehactors, prototge
development of displagnhancements, a pilot stuttyimplement and evaluate the
enhancements, refinement of the disgagicepts, and the primasyudyin which the refined
enhancements were finadid and evaluated.

2. Method

Research pghologsts from the National Airspacey/Sem Human Factors Branch (ACT-530) of
the Federal Aviation Administrdion William J Hughes Technical Center (WJHTC) and the
Human Resources Research Division (AAM-500) of the Civil Aeromedicétute (CAM)
identified compleky factors that could be addressedabyaphical enhancementVe reviewed
earlier research bylogford et al. (1994) and Widemere,ric. (1996) to identifcomplexty

factors that could be addressedabgisplayenhancementThe team eglored and protofyed

new display enhancements tha may reduce complexity in ATC.

2.1 Participants

Twentycontrollers and supervisors were involved in evaluatiegdisplayenhancements
discussed in this reporEive Full Performance &vel (FPL) en route ontrollers participated in
the pilot study Two were from Minneapolis Air Route Traffic Control Center (ARTCOY@),
onewas from &cksonville ARTCC (ZJX), and two wee from Houston ARTCC (BU). Two
supervisors and 13HE controllers (mean gerience = 17egars, SD = 7.2) fromIK
paticipated in theprimay study

2.2 Apparatus

The research team developed the prgiesyin Macromedia Directdr6.5 (Macromedia, 1997)
usinga Gatewayd00 MHzPentium I computer and a 21 in. color monitorhe pilot studywas
conducted usinthis equipmentFor the development of actual ATC scenarios for the primary
study, we recorded a Syem Analgis Report (SAR) tape from the Host computer &.ZAfter
Data Analges and Reduction Tool (DART) and National Track Agal{Progam processingf
the SAR tgpe weloaded theresultingfiles into theSystematic Air Traffic Opeations Reearch
Initiative (SATORI) System, captured an ATC se@nario, and importel it into Director. The
primarystudyused two portable Gatewagptebooks and an #&tnal 15-in. color monitor.

2.3 Procedure

2.3.1 ldentification of Compleiy Factors

Theresearch team identified five complexity factors tha might beameliorated by display
enhancerans. weaher effecs on aispace stcture, he effecs of ecal Use Arspace (8A),
transitioningaircraft, the reiability of radio and radar coverage, and theworkload assocated with
the number of required procedures that the controller must perfoisoussions with two



subject mater experts and informa interviews with Air Trafic Control Speialists (ATCSS)
indicaed e mportance of hese fve facors re@rding air traffic conplexity. Furthernore, we
chose hese fve facbrs becauseneypresergd an atainabke combinaion for hisfirst
prototyping effort.

2.3.2 Initial DisplayEnhancements

To develop the initial displagnhancements, we visitedcksonville (4X) and Byston (BW)
ARTCCs to gther information about the different weather disggtems used bgontrollers,
TMU personnel, supervisors, and meteordtsy We also examined the procedures used for
activatingSUA. Usinga generic air traffic scenario (Guttman, Stein&omelski, 1995), we
developed displagoncepts for a sdevel weather displaycolor codingof active SUA, color
coding of dimbing and descendingaircraft, graphical representations of ralio and radar outages,
and an on-screen representation of standard and tempooagdures.

2.3.3 Pilot Study

To receive feedback on our initial displaghancements, five en route controllers participated in
a pilot studyat the WIHTC Research Development and Humaitbrs laboratory The purpose
of the studywas to receive feedback on our initial dispteshancements so that we could
optimize each separate protpe; The controllers participated in twoayps duringhe study

One goup consisted of the two controllers from MinneapolisIZZ ARTCC and the controller
from Jacksonville (IX) ARTCC; a secondrgup consisted of the two controllers from Houston
(ZHU) ARTCC. Prior to showinghe prototpes to the controllers, we discussed the purpose of
the sudy. We askedhiemto explain whatactons heynormelly take when confrord with each
complexty factor, how frequentlgach factor adds difficultp controllingtraffic, and whether

the deplay enhancemants would reduceltte conplexity assocted wih the facor. After these
instructions, we presented the five separate pno¢styo the controllers and recorded their
feedback.The controllers’ responses are summnettias follows.

a. All controllers complained about their current weathetey, its lack of accuracgnd
thar inability to pas on ay weather information to thepilots. Usudly, thepilots tdl the
controller where the weather is locatetll of the controllers could see the benefit of a
weather displays shown in the protgig. Theyalso thoubt that all the information that
would be needed (i.e., the level of precipitation, upper-level winds, cloud tops, and
animated weather prediction) when controlltreffic was displagd in the prototpe.

b. Controllers were verynuch in favor of the color codimgf SUAs and the téxbased
information about altitudes and activation times.

c. Thedisplay concept of having climbing and descending (i.e., transitioning arcraft coded
in different colors jelded mixed reactions from the controller$hree of the five
controllers sav a benefit of having descendingand dimbing aircraft in different colors,
whereas, the other two controllers saweater benefit in havingverflight color coded.
It seemed that color codimgpuld be useful to the controllers, but several factors, (e.g
sector characteristics and traffic flow) determine what would be useful to color code.



d. All five controllers were stroryg in favor of a gaphical representation of a naatignal
aid (navaid) outagydirectlyon the situation displayHowever, onlytwo of the controllers
liked the gaphical representation of an area that has minimal radio ceverhg other
three arged hatsuch a represaiiton woull be unnecessabecause cortllers learn
where hese areas are dseywork their secbor.

e. The controllers liked the concept of havistgndard and temporapyocedures available
in a pop-up window.However, theyall ageed that this is not a problem in their daily
work and, therefore, would contribute véitsle compared to how these procedures are
stored currently These controllers reported that this enhancement would not reduce the
complexity of ther task.

2.3.4 Refined DisplayEnhancements

The revised protofye contains an enhanced weather disfffagure 1). As a basis for the
weather displaywe incorporated some displaformation that is similar to that found in the
Integated Terminal Wather Sgtem. The weather displagtepicted sixndependent levels of
precipitation with an animated prediction of weather cell movemé&titssused NekGeneration
Weather Radar data from the Nationad&ther Service to produce the kxels of precipitation.
The animated weather prediction consisted of 17 frames of weather and was intemded to g
information about the weather cell movements duard§-minute periodin addition to the
graphical representation, the displagsented texbased information about the intensaty
precipitation, thunderstorms, turbulence, radar echo tops, and upper level winds in an
information messagwindow. The weather intensitsanged from level 1 to level 6When levels
4-6 are encountered, the majomtfyaircraft will request alternate routmglLevels 1-3, on the
other hand, areegerallynavigable and associated with minor turbulenddeyalso can be used
to predict the build up of increasiygevere weathefThunderstorm information is critical to
flight safetyand is associated with severe weather phenomena inchaingghtning and
moderate to severe turbulendecho tops are directiyelated to thunderstorm intensapd are
defined in theprototype by thar highest dtitude level. Uppe level winds ae identified by
altitude, direction, and speeéor example, £290 310 25G35 indicates the winds atlti¢evel
(FL)290 are from the northwest (310) at 25 knatstipgto 35 knots.This wind information is
useful to the pilot because it indicates the possitliturbulence and can be used to calculate
fuel consumption.



Figure 1. An illustration of theweather display enhancement (acolor version of this piture can
be accessed frommttp://www.tc.faa.gv/act-500/hfl/compleky/ CAMI_wx.JPG

The proposed displagnhancement for active SUAs consisted of color codiradl active areas
on the situation displayFigure 2 shows this implementation for the Cedar Begtor where
areas W-470, Nova 1, Nova phyrhills Jump Zone, and R-2938 are color codess soon as
an SUA becomes active, tekased information about altitudes and activation times was
displayed in a sgtem messagwindow. The current protofye used solid color infills for active
SUA areas.A solid color infill is easyto perceive aginst the backgund and the sector map
lines, and an gppropridae brightness @ntrol would mé&e it possibleto aljust thesdting to alevel
where the area is visible but not distractimigwould also be possible to use dotted lines or solid
outlines instead of solid infills, dgpendingon thespeific sector configuraion and setor mag
complexty. In the current implementation, we use@®ples in which we activated the SUA
from the surface up to a specific File., surface to PRO0 and surface to
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Figure2. An illustration of thecolor codingof active SUAs (acolor version of this piture can
be found ahttp://www.tc.faa.gv/act-500/hfl/complexy/CAMI_sua.PG).

FL150). Sometimes, however, ondyspecific section of the total airspace volume over an SUA
was activated at awen time. Thus, aircraft would then be allowed into this area below or above
the actvated arspace valme. Investgators need rare research, howeveg, implement possble
display solutions for thee morecomplex situaions.



Figures 3A and 3Rlemonstrate the use of color codaaga block teikto denote specific aircraft
transitions. For the Cedar Kefector, the demonstration included twpdy of color codinghat
seem to be useful for this specific sector: oveantsg3A) and airport destination (BBThe data
block for each en roatarcraft conssted of three ines of dad text. The firstline n the daa

block showed the callamyi.e., DAL705 is Delta Airlines 705)The second line contained
altitude information.The third line containedrgund speed, destination airport identification,
and the computer identification numbén the prototpe, a ylow codingof the second line in
thedaablodk indicated tha theaircraft was an oveflight. An oveflight is ay aircraft that will
transition the sector without landing\n orange letter (T) as the destination airport identification
in the hird line ndicaked hatthe arcraftwas on a ro@ o Tanpa, and a hie ktter (Q) indicaed
that the aircraft was on a route to Sarasét#hough several other airport destinations are
possible within the sector, the idea is to use color cadimgghlight important targt goups in

the traffic flow that affect controller action3.he prototype demonstrated how the user can select
either one or a combination of the two color schemes, all depeodingpether the traffic
situation at hand makes it useful to disptlaig information. An important issue concernirige

use of color codingn data blocks has to do with the amount of teingcolored and the

speific way it is implemented. Currently, no dda are available on theoptimd implementaion

for operational use; more research is needed to inagstilis issue.
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Figure 3. An illustration of the color codingf (a) overflights, (b) airport destination, and (c) a
graphical representation of a navaid oetécplor versions of these pictures can be found at
http://www.tc.faa.gv/act-500/hfl/compleity/ CAMI_color_codinglPG).

Because the ARTCC radarssgm is mosaic in its desigthe sgtem provides redundanend
target integrity even if oneradar sitefails. Only in the case where multiple, remotdy located
radar sites fal will the potential for reduced or tota loss of ralar coverage occur. However,
failure of asinge radar sitecan result in reduced radar coverage at lower dtitudes. A more
common problem than loss of radar coveriaghe failure of navaidswhen a navaid outag
occurs at a location that is commonised for aircraft navagion, the controller must take action
by ether vectoring or having the arcraft usedternate navaids. These situdions will increase
controller workload and might dso inaease the complexity in controlling traffic. Area
Navigation (RNAV) equipped aircraft, however, are unaffectecmavaid outaggand do not
need help from the controller for nasigpn. Figure 3C demonstrates eaghical depiction of a
navaid outag on the sector mapn addition to the gphics, specific tebxbased information is
displayed in a sgtem messagwindow. When the navaid is back in serviceaay the gaphic
disappears from the sector map and information about the statug chdrgplagd in the



system messagwindow. In this way a constant reminder of a navaid oetégdisplagd on the
sector map, and, when there is a cleesfghe navaid status, the new information is coeddy
the controller directly.

The pilot data were from a relativedynall number of controllers (5), and we presented the
displaymodifications in separate protpgs. To assess these enhancements further, we
conducted a second, lamy(primary studyin which we integated all the displagnodifications
together. In this way, we nore accuray simulated how contollers woub view the dsplay
concepts on the jobn response to the controllers’ feedback in the pilot stindyprototpe
constructed for the primastudydid not include gaphical representations of areas that have
minimal radio coveragor the on-screen representation of standard and temgooagdures.

The refined protofye contained a 15-minutelX ATC scenario from the Cedar K&ector.
Cedar KeySecbr 14 suied the needs othe stidy becausetiregularly experiences wedier
effects, hasdrge areas of 8A, and condiins many conmplex traffic routes wih heavytraffic. The
demonstration contained the Cedar Keffic scenario, a weather displaplor codingof active
SUA, examples of color codingf transitioningaircraft, and am@phical representation of a
navaid outag.

Although the use of color in ATC displays far from resolved (Cardosi, 1998; Galushka, 1997),
the pilot studydemonstrated a potentiakblyccessful applicationGraphics and colors can be
used to emphasamportant data and possiltly reduce complety in ATC operations.

However, we do not sggst a particular color palette for displaghancements or visual &y.

The displayconcepts used colors that do not interfere with one another when viewed on a black
backgound in normal office ligting conditions. For example, as the data blocks moved over
weater cels or cobr-coded warmig areas,liere was suftiientchronatic contastso asa
ensureinformdion legibility. (For adesaiption of thecolors usd in theprototype, see
AppendixC.) Further studies are necess#&wyevaluate specific color palettes for our display
enhancements in operationas®ms and what consequences timgght have on information
retrieval and oveal display complexity.

2.3.5 PrimaryStudy

During the primaryevaluation, the controllers participated one at a time sittifignt of the
computer nmonitor as he researclreaminstucted hemon how o interactwith the probtype.

We denonstated each renu functon in the probtype b the contoller: how © toggle weaher
levels on and off; how to control the animated weather prediction; how to use the three options
for data-block color codingand how to stop, forward, and rewind the traffic scenakiter the
controller had interacted with all displaphancements in the protpg; he or sheaye feedback
regarding the acceptabilitypf the enhancements duristfuctured interviews and usingting
scaks. For each oftie four conplexity factors, he contollers explained whatacions hey
normally take when confromd wih the facbr, how frequeny each faatr adds dfi culty to
controllingtraffic, and to what etent it impacts their jobThe third question used a 5-point
ratingscale in which a ratingf 1 implied no impact and a ratimd 5 implied a venhigh impact.
Likewise, for each otie four dsplay enhancerants, contollers evaliated to whatextent it




would reduce their job compléx. A ratingof 1 implied no complagy reduction and a ratingf
5 implied a verytarge complexy reduction. Finally, the controllers commented on the new
display as to wheher it was thebest way to reduce complexity and why

3. Results

In the folowing sectons, we evalak the dsplay enhancernt for each ofhe four conplexity
factors.

3.1 Weather Display

The controller questionnaire responses supported the assertions that increased weather activity
adds to ATC task compléy. The controllers reported that weather factors add to the difficulty

of controlling arcraft as little as once aweek to & often as 6 times aday duringthesumme.
Theyreported that it is routine to reroute affected aircraft around weather and to decrease traffic
volume to account for a constrained acceptance hataddition, it is often necessaryslow the

input from other sectors when weather actiuiigreaseslncreases in altitude chassywere

reported to keep aircraft verticabgparated Substantial coordination between different sector
controllers and with ATC failities is reuired to facilitate thechangng, slowing and dosingof

flight paths. To accomplish this, controllers reported that thegd to know trends, directions of
movement, and intensifyatterns of sector weather activitfccordingto controller feedback,

the presentation of this information is inadequate on the curreteinsyFigure 4 shows that
controllers believe that weather factors have & bigveryhigh impact on their job.

The controller responses shown iglife 5 indicate that the weather dispamhancements
would moderatelyeduce ATC complaty. Most controllers responded that the new display
would produce a moderate-to-lartask-compleixy reduction. One controller reported that “it
would fecilitate the ability to differentiate the heavy weather areas and ajust thetraffic flow
accordindy.” Several controllers commented that the easitgerstandable weather dispkyd
projected weather directions would aid in vector planaing allow clearer directions to the
pilots. Although an optimal displaynight reduce the compléy associated with controller
actions and planninghe weather activitywould remain a basic control problem.
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Figure 4. Controller rating of the impact caused hyeather factors.
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Figure5. Controlle ratings of complexity redudion resultingfrom theweather display.
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3.2 Special Use Airspace

The contollers reporéd that SUAs requre themto confine taffic to less aispace, reroet
aircraft, and maintain a héitened awareness of all aircraft locations and headifg most
controllers, thereported frequency duringwhich restricted areas add difficulty to controlling
traffic ranged from on@ aday to 50 times aday. Only onecontroller reported tha these
restricted areas add to thedifficulty of controlling traffic (i.e., “several times-pe-year, depending
on thesector”). In theold Plan View Display (PVD) systan, SUA informdion was transmitted
verbdly as genead information manos or writté on an informdion boad. Restricted areas were
indicated on radar displaynanuallyusinga gease pencil.This method resulted in agater
potential for communication errors, attentional focus diverted from the radar dsgthatonal
actions required bthe controller, andrgase pencil smuég on the scopen khe current Display
System Replacenent (DSR), no resticted areanformation is indicaied on he dsplay. SUA
status information is presented on an Enhanced Stdtrsnation Sgtem (ES$).

Figure 6 shows that controllers believe that active restricted areas haveiapégt on their
job.
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Figure 6. Controller rating of the impact caused active SUAs.

The responses to the SUA dispnjhancement indicated that the controllers thotlge display
enhancement was usefubeveral controllers indicated that the SUA enhancement would serve
as a continual reminder of the SUA status and would reduce errors due to a failure to remember.
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Figure 7 shows controller responses indicate this diggi@iancement would have a moderate to
large reduction on compléy. When the research team discussed possibls twalisplaythis
information, four controllers commented that btigolors and flashingvhen the SUA becomes
active) might betoo distrating. Somesuggestal usingonly a colored outlineof therestricted

area. Nonetheless, most controllers thbtighat the enhancement would reduce vectogimgrs,
help keep attention on the displsgreen, reduce task comptgxor all of the above.

Number of respons es (n = 14)
o
1

)

B

) DO O m
1 2 3 4 5

Complexity reduction r ating
(1 = no reducti on, 5 = very large reducti on)

Figure7. Controlle ratings of complexity redudion resultingfrom thecolor coding of ective
SUAs.

3.3 TransitioningAircraft

To maintain aircraft separation when there are transiticairegaft, controllers reported that they
must ¢osdy monitor and redirect aircraft vectors, speds, routing, and ddays of dimbs and
descents. The controllers estimated tha these factors ald to thedifficulty of controlling traffic

every day, ranging from twice aday to 60 time aday. Maintaining vertical and laeral

separation requires increased controller coordination between sectors and increased controller
awarenessOverflights need to be closelyonitored to place them appropriatalyove or below
ascendingr descendingircraft. In the current sstem, controllers need to look at the
destination in the data block if aircraft is landimgarbyor retrieve and read flig strips to
ascertain important transitioniragrcraft information.This process requires additional
processindime and necessitates that attentional focus be diverted from the radar. disglag

8 shows that controllers believe that transitiorairgraft have a higimpact on their job.

12



e
A O 0 O N
| |

o N
1

Number of responses (n = 15)

Impact rat ing
(1 =no impact, 5 =very high imp act)

Figure 8. Controller rating of the impact caused hgansitioningaircraft.

As Hgure 9 indicates, the controllers théiighat the transitioningircraft displayenhancement
would produce a moderate reduction in comipyeXTwo controllers commented that this
enhancement would not be especia®ypful. In one case, the controller thdughat

highlighting transitioningaircraft was not helpful because 90% of his traffic was either climbing
or descendingln the majorityof the other cases, however, the controllers believed that the
display enhancements would reult in seeral advantages including redudng sa@nningtime and

the time controllers must look at fhigstrips.
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Figure9. Controlle ratings of complexity redudion resultingfrom thecolor coding of ove
flights and airport destinations.

3.4 Navigational Aid Outa@s

The ATCSs reported that when navaids are not operational, increased workload occurs due to
frequencycongestion, increased vectoringnd alternative route instructionswo controllers

report tha this alds to thecomplexity of controlling traffic only once amonth. Theremaning
controllers reported a much more frequent effect,ingniigom oncea dayto 5 times an hourln

the current sstem, navaid failures are communicated manwally verballyfrom supervisors to
controllers. Outage areas are posted on an oetatptus boardReadingthese postingdiverts
attention from the scopd-urthermore, increases in sector traffic can result in the controller
forgettingabout the current navaid outadseveral controllers sggsted that some form of
reminder would be usefukigure 10 shows that controllers believe that navaid esthgve a
moderate-to-hilg impact on their job.
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Figure 10. Controller rating of the impact caused Imavaid outags.

As in the previous enhancements, most controllers believed that thisetaulg reduce task
complexity. Most of thecommaents indiated tha this exhancement would reluce thetime tha
attention is taken awdyom the radar screerhere would be no need to look at the status board
allowing controllers to renan focused on thetraffic. Othe controller's mommented thd this
enhancement would help planniagd reduce errordigure 11 indicates that most controllers
thoudt this displayenhancement would produce an averaglue reduction in task compigx
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Figure 11. Controller rating of complexty reduction resultindfrom gaphical representations of
navaid outags.

4. Conclusions

The objective of the present stuahas to develop displagoncepts desiged to reduce en route
ATC complexty. By applyng graphical and color-codintgchniques, the research team
demonstrated how important ATC information can be presented more doedtg radar
display therebyfacilitating controller action and planningVe identified four factors previously
reported to add to ATC compliéx a) the effects of weather, b) active SUA, c) transitioning
aircraft, and d) navaid outag. The responses to questionnaireZli} controllers supported the
asselibn thatthese faairs ncrease AT@onplexity. Furthernore, our resus showed hat
controllers predicted a substantial reduction of their job contplé&em the proposed display
enhancementsThese results sggst that the specific displaanhancements developed in this
studyare workable solutions for reducidd C complexty. Theyalso indicate that a future ATC
systemusig high-resoution gaphics and cars can be favoraplreceved byATCSs.

The controllers reported that the amount of time that attention is diverted from the radar screen is
a major source of complagyx. The enhancements for transitioniaigcraft, active SUA, and

navaid outages were dl cited bythecontrollers & potentially usdul for mantaining attention on

the radarscopeThe addition of memorgids for important information was reported as a crucial
complexty-reducingfactor because it would attenuate menfailures and reduce cogjive

workload. Both enhancements for active SUA and navaid asagere described lige

controllers as useful for providimgminders of important ATC informatiorkinally, most

controllers reported that the weather enhancement would provide a much more useful means to
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presenimportant weaher-rebted information than he currenATC system The ncreased
amount of weather-related information included in the weather enhancement weuld g
controllers agreater ability to advisepilots, supevisors, ad othe controllers.

The displayenhancements described and evaluated in this paper could serve to reduce ATC task
complexity for controllers and simplify information flow for supevisors. Whereas the present
studyoutlines the conceptud framework for these display enhancements, alditiond research is

neededd deermine he precse effcacyof these dsplay enhancemnt in operaitonal systens

and to speify optimd color and othe implementaion choices.

5. Recommendations

Based on the above findisgwe recommend the followiragtivities:

a. A formal test simulation of the proposed enhancements for future en route ATC display
systems should be conducted to determine their effitadhe reduction of task
complexity.

b. Specific studies should be conducted to determine the optimal colors for each display
enhancement.

c. Emphasis should be placed on maintairmggdabilityof all important display
information, reducingisual interference, and reduciegtraneous visual distractions.

We recommend four displagnhancements for implementation pendingher study

a. color coded weather activity a gaphical presentation plus supplementat-teased
information,

b. color coded SUA in argphical presentation plus supplementat-teased information,

c. color coded teiin data blocks representimgformation for transitioningircraft
(including overflights), and

d. color coded maphical representations indicatingvaid outags plus supplemental tex
based information.
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AppendixA
Factors Contributingo ATC Complexy (from Modgord et al., 1994).

1. The amount of climbingr descendingraffic

2. The decgee of aircraft mixVisual Hight Rules, hstrument kght Rules,
props, turboprops, and jets)

3. The number of intersectirilight paths

4. Thenumbe of multiple fundions thecontroller must peform (eg.,
approach control, terminal feeder, en route, and in-trail spacing

5. The number of required procedures that must be performedalERpleidn
arrivals must cross TENNit A_210)

6. Thenumbe of military flights

7. Amount of coordination or interfacirvgth other entities (adjacent sectors,
approah controls, enter, military units, ¢c.)

8. The exent to which the controller is affected ayline hubbingor major
termind/airport trefic

9. The exent to which weather-related factors affect ATC operations
10. Number of compleaircraft routing

11. The etent to which the controller’'s work is affected t@gtricted areas,
warning areas, and Military Opeations Aress and ther assocated ectivities

12. The sie of sector airspace
13. The requirements for logdinal sequencingnd spacing
14. Adequacynd reliabilityof radio and radar coverag

15. Amount of radio frequenayongestion
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AppendixB

Factors Contributingo ATC Complexy (from Wyndemere,ric., 1996)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Airspace sticture

. Weaher effecs on aispace sticture

. Aircraft density

. Numbe of arcraft climbing or deseending
. Weather effects on aircraft density

. Variance in directions of flig

. Winds

. Ande of convergnce in conflict situation

. Level of knowledg@ of intent of aircraft

Coordination

Special use airspace

Proxmity of potential conflicts to sector boundary
Number of facilities

Number of crossingltitude profiles

Variance in aircraft speed

Performance migf traffic

Distributions of closest points of approach
Neidbors

Separation requirements
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AppendixC
Color Speciicaton of Display Featires

The followingtable defines the colors that were used for different digpktyres in the
prototype. The colors are defined in terms of th&ath color model which is a refined version
of the orignal color model proposed liie Commissionnternationale d’Eclairag(CE). The
CIE L*a*b color model defines a color liiree components; a hghess component (land two
chromatic components, a and he L component can raegrom 0 to 100, and the aand b
components can raagrom +120 to —120.

Display feaure L a b
Sector lines 63 -54 40
Data block geen 76 -70 54
Data block glow 97 -20 88
Data block blue 90 -52 -16
Data block orang | 69 47 73
Navaid outag 58 27 3
Active SUA 8 26 13
Weather level 1 12 0 0
Weather level 2 26 0 0
Weather level 3 41 0 0
Weather level 4 20 -6 26
Weather level 5 36 -9 40
Weather level 6 53 -13 54
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